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EgyptAbstract The present study aims to evaluate and compare the environmental parameters; tem-
perature, salinity, dissolved oxygen (DO), oxidizable organic matter (OOM) and total alkalinity dur-
ing winter 2009 and 2010 of the western Mediterranean coast of Egypt starting from El Mex to El
Salum with three to four vertical stations being sampled at each marine sector. The surface distribu-
tions of both temperature and salinity decrease westwards during both winter seasons. The data
revealed that, the total averages of temperature (except El Mex area) and dissolved oxygen during
winter 2009 (16.6 C and 10.96 ml/l) in the studied marine sectors are higher than their correspond-
ing values during winter 2010 (16.61 C and 5.81 ml/l) but an opposite trend is obtained with total
averages of salinity (38.55 and 38.675) and total alkalinity (2.52 meq/l and 2.98 meq/l) measured dur-
ing 2009 and 2010. The maximum average of oxidizable organic matter at El Hamam sector during
winter 2009 was found to be 2.23 mgO2/l lower than its value during 2010 (2.72 mgO2/l), while an
opposite result was obtained with the total average of OOM at El Salum sector.
ª 2015 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The northwestern coast of Egypt is extending 510 km from
Alexandria to El-Salum. The coast of this area is covered with
ﬁne and white carbonate sands, El Wakeel et al. (2006). The
coastal zone is distinct by clear blue water; mild weather and
sun prevailing most of the year which made this coast anattractive site to be developed rapidly for tourists. The previous
study revealed that, during the last three decades, many touris-
tic cities were constructed along the western coastal area
exhibiting signs of stress, population pressure which cause an
impact on the area, Hemiada et al. (2008). In this study, seawa-
ter samples were collected at sites distributed along the western
coast of Egypt lying between longitudes 25.5E and 29.5E
during winter seasons of 2009 and 2010 for studying the para-
meters; temperature, salinity, dissolved oxygen, oxidizable
organic matter and total alkalinity. The distribution of these
parameters was investigated and the comparison of their values
during winter 2009 and 2010 was discussed.
12 A.B. Tadros et al.Material and methods
Study area
The seawater samples were taken at ten sectors during winter
2009; El Mex, Sidi Krir, El Hamam, El Alamein, El Dabaa,
Fuka, Alam El Rum, Marsa Matrouh, Sidi Barrani and El
Salum and from six marine sectors during winter of 2010; El
Mex, Sidi Krir, El Hamam, Marsa Matrouh, Sidi Barrani
and El Salum of the western Mediterranean coast of Egypt
for measuring the parameters; temperature, salinity, dissolved
oxygen, oxidizable organic matter and total alkalinity.
The samples were taken from three stations at each sector
during winter 2009 to the following depths: station 1; surface,
10, 20 m, station 2; S, 10, 20, 30 and 50 m and station 3; S, 10,
20, 30, 50 and 100 m. During winter 2010, four stations were
chosen for each sector to collect the water samples of the fol-
lowing depths, station 1; S, 10, 20 m, station 2; S, 10, 20, and
50 m, station 3; S, 10, 20, 50 and 100 m and station 4; S, 10, 20,
50,100,150 and 200 m water depth. The sampling sectors are
represented in Fig. 1.
Measurement of seawater parameters
Temperature and salinity were measured in situ using CTD.
Dissolved oxygen, oxidizable organic matter and total
alkalinity were measured according to the following methods:
Dissolved oxygen (DO)
DO was determined according to modiﬁed Winkler’s method
(Grasshoff, 1976).
Oxidizable organic matter (OOM)
A modiﬁed method described by Calberg (1972) was applied.1
Alkalinity
Total alkalinity was analysed by titration against HCl using
methyl orange as indicator (Strickland and Parsons, 1972).2
Study area
The study area lies between longitudes 25.5E and 29.5E of
the western Mediterranean coast of Egypt. The locations of
the studied sectors during winter of 2009 and 2010 are shown
in Fig. 1.
Results
Seawater temperature and salinity
Except El Mex sector all the other sectors recorded the highest
temperature values in both winter seasons; 17.52 C, st.2
(2009) and 18.47 C, st.4 (2010), the temperature of the studied1 Alkalinity http://water.me.vccs.edu/exam_prep/alkalinity.html
2 http://www.marinebio.net/marinescience/02ocean/swcomposition.
htmmarine sectors during 2009 lie in the range 16.47 C, El Salum,
st.2, 50 m – 17.46 C, surface El Hamam, st.2 and the salinity
38.517 and 38.52, El Salum, st.3, 30 m and 50 m – 38.984, El
Hamam, st.2, surface. In general, the seawater temperature
was slightly decreased in their values during 2010 while the
salinity increased. The range of temperature found to be
16.27 C and 16.28 C, Sidi Barrani, st.1, 10 m and 20 m
depths and El Salum st.1, 20 m to 17.55 C, El Hamam, st.2,
surface and salinity 38.561, El Salum, st.3, surface – 39.139
Sidi Krir, st. 4, surface and 200 m depth. A higher surface
water temperature was observed at longitudes 26 and latitude
30E (16.6–18.5 C) with a general tendency to increase
eastwards with lowest values (16.6–16.8 C) during
the period 1959–2008, Said et al. (2011). During winter 1971,
the temperature varied between 15 and 18 C with maximum
17.8–18.0 C at stations located on the cross sections from
Damitta to the Bay of El Salum, Al Kholy and El Wakeel
(1975).
Horizontal distribution of temperature and salinity
Surface distribution
The horizontal distribution of both temperature and salinity of
surface water of the marine sectors, winter 2009 and 2010 are
presented in Figs. 2 and 3.
During winter 2009, the surface distributions reached their
lowest values of temperature 16.61 C and salinity 38.618 at
Matrouh, st.3, while the maximum values of temperature
17.52 C and salinity 38.916 were recorded at El Mex, st.2.
Also, high value of temperature 17.47 C and salinity 38.984
were measured at El Hamam, st.2. The rest of the surface mar-
ine stations recorded variations in the range of temperature
(16.8 C, Fuka st.2, – 17.43 C, El Mex st.1) and salinity varied
between 38.618 at Matrouh, st.2 and 38.911, Sidi Krir st.3.
The surface temperature of the Egyptian coast decreased
during winter 2010 except at El Mex sector, st.4, 18.47 C.
The values lay in the range 16.27 C, Sidi Barani, st.1,
17.55 C, El Hamam st.2 with corresponding salinity 38.596
and 38.951.The change of temperature and salinity values in
the rest of the marine areas varied between 16.36 C and
38.561, st.3, El Salum – 17.45 C and 39.003, sts.1 and 2 of
El Mex sector.
During winter 2010 and as it is clear from Fig. 3, the
salinity of the surface water of station 4 of Sidi Krir and El
Salum marine sectors and station 3 of Matrouh measured
higher values in comparison with their values in surface waters
of the rest of the stations.
Subsurface distribution
The change of temperature recorded at subsurface water
depths of 10 m and 20 m along the marine area extending from
El-Mex–El-Salum during winter 2009 lies between values
16.58 C, Matrouh, station 2, 10 m and station 3 at both
10 m and 20 m depths – 17.31 C and 17.30 C, El-Hamam,
station 3 at both 10 m and 20 m depths. The salinity at 10 m
lies in the ranges 38.572, Sidi Barani, st.2, – 38.886psu, Sidi
Krir, st.1 with difference 0.314. At 20 m depth the variation
of salinity was found to be 38.552psu, El Salum st.2,
38.908psu, Sidi Krir st.3 with difference 0.356, Figs. 4 and 5.
During winter 2010, the temperature of the subsurface
water depths at both 10 m and 20 m recorded lower values
Figure 1 Sampling locations of the studied marine sectors, Mediterranean western coast, Egypt.
Figure 2 Surface distribution of temperature and salinity, winter 2009.
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Barrani, st.1, 10 m, and at both Sidi Barrani and El Salum
marine areas, st.1, 20 m to 17.4 C and 17.32 C measured at
El Mex sector st.1, 10 and 20 m depths followed by the value
of 17.31 C recorded at El Hamam, st.2 at 10 m depth.
The range of salinity variations in the studied marine sec-
tors in the water depths of 10 m and 20 m was measured higher
in values in comparison with those of winter 2009 which varied
between a minimum of 38.569, 38.585, Matrouh, st.3, at 10 m
and 20 m depths and 38.594 at Sidi Barani, st.1, 20 m to max-
imum of (39.001–39.017) at El Mex area, stations 1 and 2 and
3 at depths of 10 m and 20 m. The rest of the marine areas
measured salinity lie in the range 38.617, El Salum, st.3,
20 m – 38.990 at El Hamam, st.1, 10 m, Figs. 6 and 7.
Distribution of horizontal average
The horizontal averages of temperature of surface, 10 and
20 m depths of the stations of the sector during 2009 were
higher than 2010 (except El Mex) and the opposite measuredwith salinity. The average surface temperatures ranged
between the highest value of 17.47 C (2009) and 17.68 C
(2010) both at El Mex sector while the average minima were
found at the sectors located westwards; Matrouh, 16.78 C,
Sidi Barrani 16.73 C and 16.88 C at El Salum (2009) and a
lower value was found at 2010 at the same three sectors;
16.66 C Matrouh, 16.67 C Sidi Barrani and 16.73 C at El
Salum. At subsurface depths (10 and 20 m), lower tem-
peratures were measured during both seasons. Fuka and El
Salum (2009) measured the lowest temperatures (16.70 C
and 16.69 C) at 10 and 20 m depths. Also, El Salum marine
sector, 2010 recorded the lowest temperature at both depths
with values 16.59 C and 16.53 C respectively (Figs. 8 and
10). The maximum temperature at both 10 and 20 m
was found at El Hamam with values 17.21 C and 17.17 C
respectively during 2009 and at El Mex area for both depths
with values 17.31 C and 17.27 C, 2010.
Horizontal surface average of salinity recorded
its minimum value at Sidi Barrani, 38.55 (2009) and 38.64
Figure 3 Surface distribution of temperature and salinity, winter 2010.
Figure 4 Distribution of temperature and salinity, 10 m depth, winter 2009.
14 A.B. Tadros et al.(2010) and its maximum value of 38.90 at Sidi Krir (2009) and
38.93 at El Mex (2010). At 10 and 20 m water depths, the
lowest salinity (38.56 and 38.54) found at El Salum (2009)
and higher salinity values were measured at both depths during
2010 and Sidi Barrani and El Salum were found to have the
same value 38.63 (Figs. 9 and 11).
The horizontal averages of temperature and salinity at El
Dabaa and El Alamein sectors at surface, 10 and 20 m depths
measured slight changes and the variations between both para-
meters decrease with water depths. The recorded differences
between temperature and salinity of the two sectors were
0.12 C and 0.036; 0.10 C and 0.021 and 0.08 C and 0.013
for surface water, and at 10 and 20 m water depths.It is noticed also that, the horizontal averages of tem-
perature and salinity of surface and subsurface (10 and 20 m)
water of Matrouh sector, winter 2010, recorded appreciable
changes and were found to be 16.66, 16.64 and 16.64 C for
temperature, and 38.756, 38.716 and 38.710 for salinity at S,
10 and 20 m depths respectively suggesting one surface water
mass of this area.Vertical distribution of temperature and salinity
The highest total averages of both temperature and salinity
during 2009 are 17.20 C at El Mex and 17.23 C at El
Figure 5 Distributions of temperature and salinity, 20 m depth, winter 2009.
Figure 6 Distributions of temperature and salinity, 10 m depth, winter 2010.
Comparative study of physic-chemical parameters along Egyptian Mediterranean western coast 15Hamam and El Alamein with corresponding salinity 38.85,
38.87 and 38.80 respectively. The lowest total averages of tem-
perature (16.68 C, 16.70 C and 16.69 C) were found at the
marine sectors located westwards (Matrouh, Sidi Barrani
and El Salum) with corresponding lowest salinity values as
38.64, 38.58 and 38.55. The lowest total averages of tem-
perature during winter 2010 were less than those recorded dur-
ing 2009 and found to be 16.61 C at El Salum with
corresponding salinity, 38.657, while the highest total average
was recorded at El Mex, 17.33 C and salinity 38.993, Table 1.
In general, the change of temperature and salinity
decreased with increasing water depths of the stations during
both winter seasons but some irregular trends were detected.
The data of winter 2009 indicate increase of salinity
at station 1, (0–20 m) at the sectors; El Mex, Sidi Krirand El Hamam with difference 0.241, 0.009 and 0.077 respec-
tively than the upper water layer. Also, at station 2 (0–50 m),
the salinity increased at Sidi Krir, El Dabaa and Sidi
Barrani, with values, 0.006, 0.026 and 0.046 respectively
whereas the temperature was nearly unchanged at El Dabaa.
Both temperature and salinity at station 3, 100 m depth
increased than the upper water layers with values 0.014 C
and 0.04 at El Dabaa, 0.166 C and 0.26 at Alm El Rum
and 0.131 C and 0.12 at Matrouh. At the same water depth
(100 m), the salinity of Sidi Krir, Fuka and Sidi Barrani also
increased by 0.005, 0.125 and 0.066 respectively than the upper
water. Also, the temperature slightly increased from 75 to
100 m at El Mex, Fuka and El Salum.
During 2010, the temperature slightly increased with water
depths at st.1 (0–20 m) at Sidi Krir and Sidi Barrani, with
Figure 7 Distributions of temperature and salinity, 20 m depth, winter 2010.
Figure 8 Horizontal averages of temperature at surface, 10 and 20 m depths, 2009.
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Figure 9 Horizontal averages of salinity at surface, 10 and 20 m depths, 2009.
15.80
16.00
16.20
16.40
16.60
16.80
17.00
17.20
17.40
17.60
17.80
El-Mex   Sidi Krir   El-Hamam  Marsa
Matrouh
Sidi Barani   El Salum
Te
m
p 
ºC
Surface 10 m 20 m
Figure 10 Horizontal averages of temperature at surface, 10 and 20 m, 2010.
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Table 1 Total vertical averages of the studied environmental parameters, winter 2009 and 2010.
Sectors Temp., C Salinity DO, ml/l OOM, mgO2/l T. Alk., meq/l
2009 2010 2009 2010 2009 2010 2009 2010 2009 2010
El Mex 17.20 17.33 38.85 38.99 10.73 8.83 2.61 2.66 2.63
Sidi krir 17.12 16.87 38.90 38.93 8.42 8.25 1.85 2.71 2.93
El-Hamam 17.23 17.18 38.87 38.94 10.22 7.52 2.23 3.56 2.72 2.96
Marsa Matrouh 16.68 16.67 38.64 38.76 10.63 6.49 2.27 2.68 2.89
Sidi Barrani 16.70 16.67 38.58 38.65 10.45 7.14 2.60 2.62 2.66 2.98
El Salum 16.69 16.61 38.55 38.66 10.96 5.81 2.79 2.34 2.52 2.98
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Figure 11 Horizontal averages of salinity at surface, 10 and 20 m depths, 2010.
Comparative study of physic-chemical parameters along Egyptian Mediterranean western coast 170.01 C and Salinity increased by 0.011 and 0.130 at El Mex
and Sidi Krir and at station 2, the temperature increased at
Sidi Krir at 50 m by 0.20 C than the water surface and at
Matrouh, by 0.01 C (0–50 m). Also, salinity increased with
water depth at El Mex, Sidi Krir, El Hamam, Matrouh and
Sidi Barrani with values, 0.001, 0.131, 0.007, 0.005, and
0.008 respectively. The temperature showed nearly negligible
changes at station 3 from surface seawater to different water
depths and found to be 17.02, (0–100 m) at Al Hamam, and
16.63, (0–20 m) at El Salum. The sectors; Matrouh and Sidi
Barrani, showed a slight increase in temperature and salinity
at the water depth 50–100 m at station 3 with values
0.012 C and 0.079 and 0.02 and 0.01 C respectively. The sali-
nity increased at station 3 (0–100 m) with appreciable values;
El Mex (0.017), El Hamam (0.014), and Sidi Barrani (0.014).
Also, at st.4, the salinity recorded a negligible increase at El
Mex, Matrouh and Sidi Barrani with water depth, but the tem-
perature increased with value 0.48 C at Sidi Krir at the same
station.
During winter 1971, homothermic layer was observed at a
depth 50–75 m at the Mediterranean of the western Egyptian
area. Also, it is reported that, the majority of the stations in
the western part of the Mediterranean area, showed almost
unchanged water temperature vertically to depths of 100,150
and even 200 m, Al Kholy and El Wakeel (1975).
Dissolved oxygen
The concentration of dissolved oxygen and carbon dioxide is
very important for marine life forms. The maximum amount
increases with a decrease in temperature
Dissolved oxygen concentrations are higher during 2009
for both its minimum and maximum values than theirvalues during winter 2010.The ranges of dissolved oxygen
recorded a minimum value of 5.04 ml/l at Fuka marine sec-
tor, st.2, 10 and 50 m depths during winter 2009 while the
minimum value of 4.6 ml/l was found at El Hamam, sur-
face water, st.2, winter 2010. The maximum DO values at
winter 2009 were 15.01 ml/l at Alm El Rum, st.2, 10 m
and a value of 11.5 ml/l measured at both El Mex, st.4,
150 m, and El Hamam, st.4, 100 m, winter 2010. The rest
of the data recorded range of change of DO concentrations
also higher in winter 2009 than 2010. It varied between
5.27 ml/l, st.2, surface and 30 m depth at Fuka sector and
14.11 ml/l at st.2, 50 m depth at El Salum sector. This
range recorded lower values during winter 2010 and were
found to be 5.1 ml/l, El Hamam, st.3, 20 m to 10.8 m/l,
El Mex, st.2, 20 m.
Horizontal distribution of dissolved oxygen
Surface distribution
The surface distribution of the dissolved oxygen during both
winter seasons are presented in Figs. 12 and 13. The lowest
DO concentration in winter 2009 was recorded at Fuka mar-
ine sector, st.2 with value 5.27 ml/l and the maximum sur-
face concentration of DO recorded at Alm El Rum, st.3
with value 12.55 ml/l. The rest of the sectors showed the
range varied between 5.83 ml/l, Sidi Krir, st.3 and
11.26 ml/l, El Salum, st.3, Fig. 12. During winter 2010, the
surface distribution of DO recorded generally lower values
than their corresponding values in 2009 and ranged between
4.6 ml/l, at El Hamam, st.2 and 9.70 ml/l at El Mex, st.3.
The rest of marine sectors recorded DO concentrations ran-
ged between 6.0 ml/l/l at El Hamam, st.4 and El Mex, st.3
to 9.5, El Mex st.2.
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Figure 12 Surface distribution of dissolved oxygen, winter 2009.
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Figure 13 Surface distribution of dissolved oxygen, winter 2010.
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Figure 14 Distribution of DO, 10 m and 20 m depths, winter 2009.
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Figure 15 Distribution of DO, 10 m and 20 m depths, winter 2010.
18 A.B. Tadros et al.Subsurface distribution
The horizontal distributions of dissolved oxygen at 10 and
20 m depths during both winter seasons are presented atFigs. 14 and 15. During winter 2009, both the minimum
concentrations of DO at 10 m and 20 m depths are found at
st.3, Sidi Krir sector with values 5.71 ml/l and 5.6 ml/l
Comparative study of physic-chemical parameters along Egyptian Mediterranean western coast 19respectively and the maximum DO concentration was
15.01 ml/l detected at Alm El Rum, st.2, 10 m depth and
12.99 ml/l at Sidi Barrani, st.2, 20 m depth. The range of var-
iation of DO concentration at 10 m and 20 m depths at winter
2010 revealed lower values in comparison with 2009. The
minima of DO at depths 10 m and 20 m are found at El
Salum, st.3, 10 m and at El Hamam, st.3, 20 m with values
5.7 ml/l and 5.1 ml/l respectively. The maximum variations
of DO at both 10 m and 20 m recorded values 9.9 ml/l at
Sidi Krir, st.4, and 10.8 ml/l at El Mex, st.2 sector respectively.
The surface and the subsurface concentration of DO during
2009 increase in the sectors located westward from Matrouh
to El Salum, Figs. 12 and 14.
Horizontal average distribution
With respect to the horizontal averages of DO of the marine
sectors at surface, 10 and 20 m water depths, the data showed
that, during 2009 the minimum DO concentrations were found
at Fuka at surface water and at both depths with values;
5.46 ml/l, 5.77 ml/l and 6.275 ml/l respectively. The maximum
concentration at surface water was found at El Mex and
Alm El Rum with value 11.17 ml/l followed by El Salum,
11.12 ml/l. The maximum values of 10 m and 20 m depths were
found at Alm El Rum, 14.16 ml/l and Matrouh, 12.04 ml/l
respectively, Fig. 16.
During 2010, the minimum horizontal average of DO at
surface, 10 m and 20 m depths recorded at El Salum with
values 6.35 ml/l, 6.03 ml/l and 5.80 ml/l respectively. The max-
imum average recorded at El Mex for surface and 20 m depth5
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Figure 17 Horizontal averages of DO awith values 8.95 ml/l and 9.20 ml/l and at Sidi Krir for 10 m
with concentration 7.9 ml/l, Fig. 17.
Vertical distribution of dissolved oxygen
The total averages of DO concentration in the studied marine
sectors during winter 2009 are higher than their corresponding
values in winter 2010. The highest total average of the DO in
the studied marine sectors during winter 2009, was found at
Alm El Rum, 11.52 ml/l and the lowest average value was
recorded at Fuka sector 6.051 ml/l. It is noticed that the
average oxygen concentration is nearly similar at the marine
sectors; El Alamein, El Dabaa and El Salum, with values
10.96, 10.9, 10.96 ml/l respectively. The highest total average
of DO concentration during winter 2010 was 8.83 ml/l at El
Mex and the minimum average of DO was at El Salum marine
sector with value 5.81 ml/l. During winter 2010 dissolved oxy-
gen concentration decreased in the sectors located westwards
and recorded lower values; 6.49 ml/l, 7.14 ml/l and 5.81 ml/l
at Matrouh, Sidi Barrani and El Salum respectively in compar-
ison with DO concentrations at El Mex, Sidi Krir and El
Hamam but the three mentioned westwards sectors did not
record lower concentrations during winter 2009 in comparison
with the rest of the marine sectors. The variation of dissolved
oxygen levels showed irregular trend with water depths at
some of marine sectors during both winter seasons. It is
noticed that, during 2009 the total averages of DO at 50 m
depth of st.2 were higher than their corresponding values at
surfaces water as detected at El Mex, El Hamam, El
Alamein and El Dabaa. DO, at Fuka, 100 m, st.4 measuredFu
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20 A.B. Tadros et al.value of 6.27 ml/l higher than the surface water of 5.66 ml/l.
Also, during 2010, at El Mex sector, DO at 20 m, st.1, 20
and 50 m, st.2 and 150 m st.3 recorded higher values than their
values at water surfaces. Higher DO content than their corre-
sponding values at water surfaces were noticed at Sidi Krir,
st.3, 50 m and El Hamam, sts.3 and 4 at 100 m water depth.
Total alkalinity
Total alkalinity is a measure of the negatively charged ions
present in a given sample. In the oceans, most of the negatively
charged ions present are bicarbonate (HCO3
) and carbonate
(CO3
). Alkalinity is important to aquatic organisms because
it protects them against rapid changes in pH.
During winter 2009 the total alkalinity reached its mini-
mum value of 2.016 meq/l at surface water of the El Salum sec-
tor. The maximum value of 2.78 meq/l recorded at the sectors;
Sidi Krir, st.3, 50 m, El Hamam, st.1, 20 m, and El Alamein,
st.1, 20 m. The rest of the total alkalinity varied between low
value of 2.592 meq/l, at Al Alamein, st.3, surface water, El
Dabaa, st.1, surface water and sts.2 and 3 at 50 m, El Salum,
st.2, 50 m and Matrouh, st.3, surface water and high value
of 2.74 meq/l found at Alm El Rum, st.3, 100 m depth. The
total alkalinity measured higher values during 2010 and varied
between a minimum of 2.73 meq/l, El Mex, surface water of
st.2 to 3.33 meq/l at El Salum, surface water, st.4.
Surface distribution
The surface distributions of total alkalinity at both winter sea-
sons are represented at Figs. 18 and 19. The total alkalinity
during winter 2009 varied between a minimum of 2.02 meq/l
at El Salum and a maximum 2.736 meq/l recorded at El2
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Figure 19 Surface distribution oHamam sts.1 and 2. During winter 2010, higher total alkalinity
values at surface water of the studied sectors were measured. It
varied between a minimum of 2.727 meq/l at El Mex, st.2 and
Sidi Barrani st.3 to a maximum of 3.333 meq/l at El Salum
st.4. The total alkalinity at the rest of surface water ranged
between 2.83, Sidi Krir, st.3 and 3.31 meq/l, El Mex, st.1.
Distribution of horizontal average
The minimum total surface average of total alkalinity during
2009 was detected at El Salum 2.33 mql/l and the maximum
total average of 2.72 meq/l was detected at El Hamam marine
sector. Higher total surface averages of total alkalinity were
measured during winter 2010. The minimum measured
2.90 meq/l was found at both Sidi Krir and Matrouh and the
maximum value was 3.06 meq/l at El Salum sector, Fig. 20.
Oxidizable organic matter (OOM)
Oxidizable organic matter was measured at the marine sectors;
El Hamam, El Alamein, El Dabaa, Fuka, Sidi Barrani and
Matruh during winter 2009 and at all sectors during 2010.
OOM showed wide range of variation, 0.32–9.92 mgO2/l mea-
sured at surface water of El Alamein, st.2 and also surface
water of El Dabaa, st.3. The concentrations of OOM at the
rest of the marine sectors showed variations between 0.48–
9.58 and 9.60 mgO2/l measured at Sidi Barrani, st.2, 20 m
and (Fuka, st.3, 30 m and El Hamam, st.3, 100 m) respectively.
Oxidizable organic matter during winter 2010 showed less var-
iation in concentration range. The minimum OOM value was
0.32 mlO2/l found at most of marine sectors; El Mex, st.2,
20 m, Matrouh, st.1, 10 m, Sidi Barrani, st.2 and El Salum,
st.2 while the maximum value was 6.56 mgO2/l measured atEl
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Figure 20 Horizontal average of total alkalinity at surface water, 2009 and 2010.
Comparative study of physic-chemical parameters along Egyptian Mediterranean western coast 21El Hamam, st.3. The rest of OOM concentration changed
between 0.46 mgO2/l at, El Hamam, st.4, 20 m to 6.40
mgO2/l, El Mex, st.4, 100 m depth.
Horizontal distribution
Surface distribution
With respect to 2009, the surface distribution in the marine
sectors varied between a minimum value of 0.32 mgO2/l at
El Alamein, st.2 to 9.92 mgO2/l at El Dabaa, st.3. The rest
showed concentration ranging between, 0.64 mgO2/l, El
Dabaa, st.2 to 3.427 mgO2/l at El Salum, st.2. The surface
distribution of OOM, winter 2010 detected the minimum
value of 0.32 mgO2/l at st.2 of both Sidi Barrani and El
Salum, and the maximum of 7.36 mgO2/l at El Hamam,
st.3 (minimum DO concentration, 4.6 ml/l). The rest of
OOM values showed variation between 0.46 mgO2/l,
Matrouh, st.1 and 6.56 mgO2/l at El Hamam, st.3,
Figs. 21 and 22.0
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Figure 22 Surface distribution of oxidSubsurface distribution
The variation of OOM at 10 and 20 m water depths during
winter season 2009 are presented in Fig. 23. The minimum val-
ue was found to be 0.64 mgO2/l at El Alamein, st.1 and Sidi
Barrani, st.3 for 10 m depth and a value of 0.46 mgO2/l mea-
sured at Sidi Barrani, st.2 at 20 m depth. The highest values
of OOM were found to be 5.76 mgO2/l and 5.331 mgO2/l for
10 and 20 m depths detected at El Alamein, st.3 and Fuka,
st.3. In winter 2010, the variation of OOM at 10 and 20 m
depths is shown in Fig. 24. The minimum concentration of
0.32 mgO2/l was found at Matruh, st.1, 10 m El Mex, st.2,
20 m. The maximum concentration at both depths detected
at El Hamam st.3; with concentration 5.12 mgO2/l measured
at El Hamam, st.3 and El Hamam st.1 respectively.
Distribution of horizontal average
The total averages of the oxidizable organic matter of surface
seawater revealed the minimum value found at El AlameinEl
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Figure 23 Distribution of OOM, 10 m and 20 m depths, winter 2009.
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Figure 24 Distribution of OOM, 10 m and 20 m depths, winter 2010.
22 A.B. Tadros et al.(0.85 mgO2/l) during 2009 and at Matrouh (1.28 mgO2/l)
during 2010. The Maximum values of 3.84 mgO2/l and
5.48 mgO2/l recorded at El Dabaa and El Hamam for winter
2009 and 2010 respectively. The average for subsurface water
depths (10 and 20 m) showed the minimum OOM at 10 and
20 m at Sidi Barrani (0.46 mgO2/l) and El Hamam
(1.39 mgO2/l), 2009. The average maxima detected at Al
Alamein and El Salum (3.20 and 3.24 mgO2/l) respectively.
During winter 2010 the minima of average concentration of
10 and 20 m depths were 1.69 mgO2/l detected at Sidi Krir
and (2.0 mgO2/l) at Matrouh. The maximum averages were
4.0 mgO2/l at El Hamam, 10 m depth and 2.81 mgO2/l, Sidi
Barrani sector at 20 m water depth.
Vertical distribution
The total average of OOM during 2009 and 2010 reached their
lowest value at Sidi Barrani, 1.44 mgO2/l, and at Sidi Krir
1.85 mgO2/l, respectively. Both Fuka and El Salum showed
the highest total OOM averages; 3.173 and 3.015 mgO2/l,
2009, while El Hamam area showed the highest total average
of OOM with value of 3.56 mgO2/l during winter 2010.
Generally, the variation of OOM concentration in the stud-
ied marine sectors during winter 2009 and 2010 with station
water depths showed undeﬁned trend. However OOM concen-
tration decreased at 10 m depth of station 1 for the marine sec-
tors located westward (Matrouh–El Salum) while the other
three sectors showed an increase of OOM from surface to
20 m water depths except at El Salum in which OOM
decreased than its concentration at surface water (from 3.20
to 1.62 mgO2/l). The comparison of the total average of
OOM measured during 2009 winter season showed
increase in their levels than their analogues during 2010 as
found at El Hamam, (2.17–3.56 mgO2/l), Sidi Barrani
(2.60–2.62 mgO2/l) and El Salum (2.79–5.81 mgO2/l).Discussion
The Mediterranean Sea is one of the Atlantic Ocean adjacent
seas. It is connected to Atlantic Ocean through the narrow
Gibraltar Strait, Kamel and Maiyza (2000). This Atlantic
Water occupying the upper 200 m layer is likely to ﬂow into
Mediterranean Sea with its general salinity 36.0–36.5,
Millot (2007) and Said et al. (2011).
The investigation of the obtained data revealed the increase
of both temperature and dissolved oxygen concentration dur-
ing winter 2009 than their values in the corresponding sectors
during 2010 and opposite data measured with salinity and total
alkalinity in which their values during 2010 are higher than
2009 at the same marine sectors, Table 1.
The results of the hydrographic data, of the studied marine
sectors during winter seasons 2009 and 2010 revealed the
decrease of both temperature and salinity in the marine sectors
located westward; Matrouh, Sidi Barrani and El Salum,
(Fig. 1) during both seasons for surface and subsurface water
(10 and 20 m) water depths, (Figs 2–7) than those of the
sectors located eastward of the studied area (El Mex and
El Hamam sectors). The latest sectors recorded the highest
temperature and salinity.
The maximum horizontal surface averages of temperature
recorded at El Mex area for both seasons (17.42 C and
17.68 C) and at both 10 and 20 m depths during winter
2010 (17.31 C and 17.27 C), while El Hamam measured the
highest temperature at the subsurface of 10 and 20 m water
depths during 2009, (17.21 C and 17.17 C). The minimum
temperature was found at Fuka (16.70 C) and El Salum
(16.69 C) for 10 and 20 m depths and the westward sectors
measured the minimum temperature during 2009. During
2010, the highest horizontal surface average of salinity and
at both depths measured at El Mex with values of 38.93,
39.06 and 38.99, respectively. Salinity reached more than
Comparative study of physic-chemical parameters along Egyptian Mediterranean western coast 2338.50 during winter founded at the northern part of El Mex
area, Okbah et al. (2013). The highest salinity was found at
Sidi Krir, (Sidi Krir and El Hamam) and both (El Mex and
Sidi Krir) during 2009 with lower values of 38.90, 38.87 and
38.89 for surface, 10 and 20 m respectively. The westward
sectors (Sidi Barani and El Salum) recorded the minimum sali-
nity, at surface, 10 and 20 m depths during 2009 and 2010.
This could be investigated on the bases of mixing process
of surface Atlantic Water characterized by low salinity <38.6
following into the Mediterranean water and mixing with
the underlying water causing decrease of both temperature
and salinity, Said and Eid (1994)and Said et al. (2011).
With respect to the total vertical average of temperature
and salinity, the eastward sectors of the studied area (El
Mex, Sidi krir and El Hamam) measured the highest of both
parameters during winter seasons 2009 and 2010 and the
minima were detected in the westward sectors (Matrouh, Sidi
Barani and Salum), Table 1. During winter 2001, lower aver-
age, salinity (38.15) was reported in the western sections of
Alexandria coast, Nessim et al. (2010).
An irregular trend was observed with the variation of tem-
perature and salinity at different water depths; both tem-
perature and salinity at station 3, 100 m depth (2009)
increased than the upper water layers with values of 0.04 and
0.014 C at El Dabaa, 0.26 and 0.166 C at Alm El Rum and
0.12 and 0.131 C at Matrouh. At the same water depth
(100 m), the salinity of Sidi Krir, Fuka and Sidi Barrani
increased by 0.005, 0.125 and 0.066 respectively than the upper
water. Also, during 2010, the salinity increased at station 3
(0–100 m) with appreciable values; El Mex (0.017), El
Hamam (0.014), and Sidi Barrani (0.014). These observations
may be due to inter annual variability in vertical convection
during winter season, Said et al. (2011). The previous data
showed that, the maximum depth of vertical salinity mixing
depends on the winter season and reach 100–150 m during
1989 and 250 m during 1990 while the vertical averages of tem-
perature and salinity increased reaching their maximum values
at 50 m depth then decreased with increasing water depth, Said
et al. (2007a,b).
The horizontal averages of temperature and salinity at El
Dabaa and El Alamein sectors (2009) at surface, 10 and
20 m depths measured slight changes and the variations
between both parameters decrease with water depths. The
recorded differences among temperature and salinity of the
two sectors were 0.12 and 0.036 C, 0.10 and 0.021 C and
0.08 and 0.013 C for surface water, and at water depths 10
and 20 m, respectively suggest one surface water mass of these
sectors. The same feature was observed with Matrouh marine
sector during 2010 in which the horizontal averages of tem-
perature and salinity of surface and subsurface (10 and 20 m)
water recorded appreciable changes. As has been previously
observed and discussed, one water mass could be observed
during winter in the upper 200 m, Said et al. (2007a,b).
The Mediterranean Sea belongs to the well aerated regions
of the world Ocean, Al Kholy and El Wakeel (1975).
The westward marine sectors (Matrouh, Sidi Barrani and
El Salum) showed the highest vertical total averages of dis-
solved oxygen concentrations during 2009 (10.63,10.45 and
10.96 ml/l) which may be due to the effect of intensive dynam-
ics and active water exchange with the Atlantic Ocean, Al
Kholy and El Wakeel (1975). The opposite in DO contentmeasured at the westward sectors during 2010 and recorded
average values (6.49, 7.14 and 5.81 ml/l) respectively, Table 1.
Low dissolved oxygen was reported during winter 2006 of
the sectors; Marsa Matrouh, Sidi Barrani and El Salum;
5.15, 4.70 and 5.05 ml/l respectively, Hemiada et al. (2008).
During winter 2009, Fuka sector recorded the minimum
horizontal averages of DO concentration of surface, 10 and
20 m depths; 5.46, 5.77 and 6.27 ml/l and high OOM (3.427,
2.67 and 3.43 mgO2/l), while the minimum horizontal average
values of DO during 2010 were found at El Salum (westward)
with values of 6.35 ml/l, 6.03 ml/l and 5.80 ml/l and average of
OOM increase with the decrease of DO concentration; 1.94,
2.44 and 2.74 mgO2/l for the same water depths, (Figs. 16,17
and 20). Lower average level of OOM was found during winter
2006 of the westward sectors; Marouh, Sidi Barrani and El
Salum (0.21, 0.39 and 0.17 mgO2/l), respectively, Hemiada
et al. (2008).
El Mex sector showed the highest DO surface averages of
both seasons (11.17 and 8.95 ml/l). At the subsurface 10 and
20 m, the westward sectors (Matrouh and El Salum) showed
high level of DO during 2009, (11.17 and 12.04 ml/l) respec-
tively, while during 2010 the eastward sectors of the study area
(Sidi Krir and El Mex), measured the maximum level of DO
with values 7.90 and 9.20 ml/l, respectively.
Fuka sector with the embayment character had the mini-
mum DO (6.05 ml/l) and the maximum OOM concentration
(4.27 mgO2/l) during 2009.
Alkalinity is a measure of the buffering capacity of water,
or the capacity of bases to neutralize acids.
The horizontal surface average distribution of total alka-
linity showed the general increase of total alkalinity during
winter 2010 than 2009. The westward sector; El Salum mea-
sured the lowest total alkalinity (2.33 meq/l) during 2009 and
the highest during 2010 (3.06 meq/l) while the maximum value
during 2009 was detected at El Hamam (2.72 meq/l) and the
minimum during 2010 found at the sectors El Mex and
Matrouh with value 2.90 meq/l.
Anaerobic processes generally increase alkalinity.
Conversely, aerobic degradation can decrease total alkalinity.
This process occurs in portions of the ocean where oxygen is
present (surface waters). Partial surface degradation results
in dissolved organic matter and the production of hydrogen
ions, Thomas et al. (2008). Wastewater can have higher alka-
linity because it typically has higher concentrations of nutri-
ents and ions, some with acid buffering properties, such as
silicates and phosphates source alkalinity. The studied west-
ward sectors (Matrouh, Sidi Barrani and El Salum) recorded
during 2010; the highest alkalinity (2.89–2.96 meq/l), the low-
est salinity (38.65–38.76) and lowest dissolved oxygen level
(5.81–7.14 ml/l) suggest the reﬂection of runoff wastewater to
this area.
Conclusion
 The total averages of dissolved oxygen and temperature
(except El Mex sector) during winter 2009 are higher than
their corresponding values during winter 2010 and the
opposite obtained with salinity and total alkalinity.
 Temperature and salinity during both winter seasons
decrease westwards of the Mediterranean western
Egyptian coast (Matrouh, Sidi Barrani and El Salum) while
24 A.B. Tadros et al.the highest values found at the eastward sectors to the study
area (El Mex, Sidi Krir and El Hamam) reﬂecting the diffu-
sion effect of the Atlantic Water on water of westward
sectors.
 The horizontal averages at surface, 10 and 20 m depths of
temperature and salinity at El Dabaa and El Alamein sec-
tors during winter 2009 measured slight changes suggest
one surface water mass. The same feature was observed
with Matrouh marine sector during 2010.
 The surface and the subsurface concentration of DO during
2009 increase in the sectors located westward from
Matrouh to El Salum while decrease in the same sectors
was observed during 2010. Also, during 2009, the highest
total vertical average found at El Salum (10,96 ml/l) and
the minimum at Sidi Krir (8.42 ml/l), while during 2010,
lower minimum average detected at El Salum (5.81 ml/l)
and the maximum at El Mex (8.83 ml/l).
 The total alkalinity showed its minimum value at El Salum,
2009 and at El Mex, 2010. The maximum of total alkalinity
during 2010 at recorded at El Salum suggest the nature of
seawater introduce into El Salum area which affects its che-
mical characteristics.
 Fuka (embayment area) measured the maximum of organic
matter concentration. Alm El Rum marine sector with
exposed area recorded the maximum DO, while, Sidi
Barrani measured the lowest OOM concentration for both
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